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Author contributions S21 cells were washed three times with PBS washing buffer and the fluorescence of FAM on cell surface was imaged with CLSM at stationary parameters including the laser intensity, exposure time and objective lens. Under the excitation at 494 nm with white light laser, the emission was collected from 500 to 550 nm. All images were digitized and analyzed by Leica Application Suite X (LAS X) software. In the case of CLSM imaging of mucin 1 (MUC1)-specific aptamer (AptM) binding to cell surface MUC1, the seeded MCF-7 cells were incubated respectively with F-AptM (1.0 μM), S'-S-F-AptM (1.0 μM), and H-F-AptM (1.0 μM) in PBS binding buffer at 4 o C for 30 min, with other conditions unchanged.
To demonstrate the P'•P-Apt was anchored on cell surface in a duplex structure, the seeded MCF-7 cells were subjected to incubation with annealed P'-Cy3•Cy5-P-Apt (1.5/1.0 μM) in PBS binding buffer at 4 o C for 30 min. Then the cells were washed and imaged with CLSM. For Cy5, Ex: 640 nm, Em: 650-720 nm; for Cy3, Ex: 550 nm, Em: 555-605 nm.
Incorporation of azide Sia (CS) on cell surface. MCF-7 cells were seeded on four-well confocal dishes and cultured overnight. Cells were incubated in Met-free RPMI-1640 supplemented with 10% FBS, 1% penicillin-streptomycin solution (0.1 mg/mL), Ac 4 ManNAz (40 μM) and Met (50 μM) for 48 h in a 37 o C CO 2 incubator, followed by three-time washing with PBS washing buffer and 30-min blocking with PBS blocking buffer at 4 o C. In control experiments, Ac 4 ManNAz was not added.
CLSM imaging validation of CS labeling by S'-S-F-DBCO. C S labeling was achieved by reaction with S'-S-F-DBCO through Cu(I)-free click chemistry using S'-S-F as control. Cells after incorporation of C S were subjected to reaction with annealed S'-S-F-DBCO (10 μM) or S'-S-F (10 μM) in PBS binding buffer at 4 o C for 30 min. Then the cells were washed three times and visualized with CLSM.
CLSM imaging of incorporated CS after different Ac4ManNAz incubation time. MCF-7 cells were treated with Ac 4 ManNAz (40 μM) for different time (0, 12, 24, 36, 48 h) in a 37 o C CO 2 incubator. This was followed by Cu(I)-free click reaction with S'-S-F-DBCO (10 μM) and CLSM imaging.
Incorporation of HPG (CH) on cell surface. MCF-7 cells were seeded on four-well confocal dishes, cultured overnight, and then incubated in Met-free RPMI-1640 supplemented with 10% FBS and 1% penicillin-streptomycin solution (0.1 mg/mL) for 30 min to deplete endogenous Met. Then cells were incubated in Met-free RPMI-1640 supplemented with 10% FBS, 1% penicillin-streptomycin solution (0.1 mg/mL), and HPG (50 μM) for 48 h in a 37 o C CO 2 incubator. After three-time washing with PBS washing buffer, the cells were blocked with PBS blocking buffer at 4 o C for 30 min, and ready for the following probe anchoring step. In control experiments, HPG was replaced by Met (50 μM).
CLSM imaging validation of CH labeling by H-F-N3, H'•H-F-N3 or Cy3-H'•H-Cy5-N3. The binding of H-F-N3, H'•H-F-N3 or Cy3-H'•H-Cy5-N3
with cell surface C H was achieved through Cu(I)-catalyzed click chemistry. Cells after HPG incorporation were treated with a mixture of CuSO 4 (100 μM), BTTAA (600 μM), H-F-N3 (10 μM) (or annealed H'•H-F-N3 (15/10 μM), annealed Cy3-H'•H-Cy5-N3 (15/10 μM) or H-F (10 μM)), and freshly prepared sodium ascorbate solution (2.5 mM) in PBS binding buffer at r.t. for 5 min. Then the cells were washed three times and imaged with CLSM.
CLSM imaging of incorporated CH after different HPG incubation time. MCF-7 cells were treated with HPG (50 μM) for different time (0, 12, 24, 36, 48 h) in a 37 o C CO 2 incubator, followed by Cu(I)-catalyzed click reaction with H-F-N3 (10 μM) and CLSM imaging.
Demonstration of CH installation on EpCAM by Western blotting analysis and immunoprecipitation (IP)
. MCF-7 cells were subjected to HPG incorporation procedure as described before (without blocking step), using Met (50 μM) as control. Then the two samples were lysed with a mixture of cold IP lysis buffer, protease inhibitors and phosphatase inhibitors. The lysates were centrifuged (13,000 rpm) at 4 o C for 20 min and the supernatants were stored at -20 o C until use. Then the protein concentration was determined using BCA protein assay kit. Subsequently, the lysates (equivalent to 1 mg protein each) were incubated in 1 mL IP lysis buffer containing CuSO 4 (1 mM), BTTAA (600 μM), azide-PEG 3 -biotin (100 μM), and freshly prepared sodium ascorbate solution (2.5 mM) at r.t. for 2 h. After the reaction was terminated by addition of a 4-time volume of pre-chilled acetone, the samples were placed at -20 o C for 30 min and then centrifuged (13,000 rpm) at 4 °C for 5 min to precipitate proteins. The supernatants were discarded, and the pellets were washed twice with pre-chilled methanol, air dried, and resuspended in PBSM containing 1% SDS for further Western blotting and IP analysis.
After determination of the protein concentrations using BCA protein assay kit, the two samples were respectively mixed with LDS sample buffer (4×) (v/v: 3/1) and then heated at 95 °C for 5 min. Subsequently, the proteins were separated by SDS-PAGE, and transferred to PVDF membranes. The PVDF membranes were immersed in BSA blocking buffer, shaken at about 70 rpm for 2 h, and respectively subjected to incubation with anti-biotin and anti-GAPDH antibody in 1× TBST buffer (TBS containing 0.1% Tween ® 20) containing 3% BSA at 4 o C overnight. Then the membranes were shaken at r.t. for 30 min and washed three times with 1× TBST for 10 min. Subsequently, the membranes were incubated with secondary HRP-conjugated antibody (diluted with 1× TBST buffer containing 3% BSA) at r.t. for 60 min, and washed three times with 1× TBST for 10 min. Finally, ECL luminescent working solution was evenly placed on the surface of the membranes and the membranes were imaged using a Bio-Rad ChemDoc XRS imaging system.
For IP, the two samples with the same amount of protein were subjected to incubation with anti-EpCAM antibody (1:40) at 4 °C overnight, respectively. Then 100 μL of protein G agarose resin slurry was added to each antigen-antibody complex and incubated for 4 h at r.t. under gentle mixing. Subsequently, the mixtures were centrifuged at 2,500 g for 3 min and washed three times with 0.5 mL of IP lysis buffer. Then the resins were mixed with LDS sample buffer (4×) (v/v: 3/1) and heated at 95 o C for 5 min. The supernatants were collected by centrifugation at 2,500 g for 3 min, and analyzed by Western blotting using anti-biotin antibody and anti-EpCAM antibody.
Incorporation of dual chemical modifications on MCF-7 cells. After being seeded on four-well confocal dishes and cultured overnight, MCF-7 cells were incubated in Met-free RPMI-1640 supplemented with 10% FBS and 1% penicillin-streptomycin solution (0.1 mg/mL) for 30 min to deplete endogenous methionine. Then cells were incubated in Met-free RPMI-1640 supplemented with 10% FBS, 1% penicillin-streptomycin solution (0.1 mg/mL), Ac 4 ManNAz (40 μM) and HPG (50 μM) for 48 h in a 37 o C CO 2 incubator.
After washing with PBS washing buffer for three times, and blocking with PBS blocking buffer at 4 o C for 30 min, the dual-modified cells were ready for further probe anchoring.
Probe anchoring to cell surface. After being incorporated dual chemical modifications, MCF-7 cells were treated with annealed P'•P-Apt (1.5/1.0 μM) at 4 o C for 30 min. The cells were then carefully washed three times with PBS washing buffer and treated with annealed Q-S'-S-F-DBCO (10 μM) at 4 o C for 30 min. After three times washing with PBS washing buffer, the cells were incubated with TCEP (50 mM) at r.t. for 10 min to quench the unreacted azide, followed by incubation with a mixture of CuSO 4 (100 μM), BTTAA (600 μM), annealed H'•H-N3 (15/10 μM), and freshly prepared sodium ascorbate solution (2.5 mM) at r.t. for 5 min. The cells were then washed three times with PBS washing buffer and fixed with 4% PAF at r.t. for 15 min.
To demonstrate the successful assembly of each type of probes on cell surface, some of probes were appropriately modified with other probes unchanged. In this context, four sets of experiments were performed: 1) For demonstration of EpCAM binding, P'•P-Apt and Q-S'-S-F-DBCO were respectively replaced by P'•F-P-Apt (1.5/1.0 μM) and S'-S-DBCO (10 μM).
2 After assembly of the three types of probes (or probe counterparts), the cells were washed and imaged with CLSM. Execution of automaton I for in situ visualization of CH-installed EpCAM on cell surface. MCF-7 cells after HPG incorporation were treated with annealed P'-Q•F-P-Apt (1.5/1.0 μM) at 4 o C for 30 min. After washing, the cells were incubated with a mixture of CuSO 4 (100 μM), BTTAA (600 μM), annealed H'•H-N3 (15/10 μM), and freshly prepared sodium ascorbate solution (2.5 mM) at r.t. for 5 min, followed by three-time washing and 15-min fixation at r.t. with 4% PAF. After three-time washing, the cells were subjected to incubation with T (10 μM) at 37 o C for 2 h in 1×CutSmart buffer. In control experiments, either H'•H-N3 (15/10 μM) or T (10 μM) was absent. Then the cells were washed and imaged with CLSM.
To verify of the dependence of automaton I initiation on the toehold region of T, after assembly of P'-Q•F-P-Apt and H'•H-N3 on C H -installed cells, the cells were subjected to incubation with TNT (the toehold-removed counterpart strand of T, 10 μM) or T (10 μM) at 37 o C for 2 h in 1×CutSmart buffer. Then the cells were washed and imaged with CLSM.
The cells after treatment with HPG for different incubating time (0, 12, 24, 36, 48 h) were also analyzed by automaton I to track the influence of HPG incubation time on the automaton output.
Execution of automaton II for in situ visualization of EpCAM-carried CS on cell surface. MCF-7 cells after incorporation of C S were allowed to incubation with annealed P'•P-Apt (1.5/1.0 μM) for 30 min, followed by three-time washing and treatment with Q-S'-S-F-DBCO (10 μM) at 4 o C for 30 min. The cells were then washed three times and fixed with 4% PAF at r.t. for 15 min. After three-time washing, the cells underwent toehold-mediated strand displacement and restriction endonuclease cascade reaction by incubation with H (10 μM) and NE (600 U/mL) at 37 o C for 2 h in 1×CutSmart buffer. In control experiments, either P'•P-Apt (1.5/1.0 μM), H (10 μM) or NE (600 U/mL) was absent. Then the cells were washed and imaged with CLSM.
To verify of the dependence of automaton II initiation on the toehold region of H, after assembly of P'•P-Apt and Q-S'-S-F-DBCO on C S -installed cells, the cells were subjected to incubation with HNT (the toehold-removed counterpart strand of H, 10 μM) or H (10 μM) in the presence of NE (600 U/mL) at 37 o C for 2 h in 1×CutSmart buffer. Then the cells were washed and imaged with CLSM.
For cells after treatment with Ac 4 ManNAz for different incubating time (0, 12, 24, 36, 48 h), the outputs of automaton II were recorded to track the EpCAM-specific C S incorporation dynamics.
Execution of automaton III for in situ visualization of cell surface EpCAM with dual modifications of interest.
To MCF-7 cells that underwent dual chemical modification incorporation and complete probe anchoring procedures, T (10 μM) and NE (600 U/mL) were added and allowed to incubate at 37 o C for 2 h in 1×CutSmart buffer. In control experiments, either P'•P-Apt (1.5/1.0 μM), H'•H-N3 (15/10 μM), T (10 μM) or NE (600 U/mL) was not added. Then the cells were washed and imaged with CLSM.
To examine the binding stability of the P'•P-Apt on the cell surface during automaton execution, a counterpart automaton was executed by replacing P'•P-Apt and Q-S'-S-F-DBCO with P'-Q•F-P-Apt and S'-S-DBCO, respectively. In the control experiment, T was not added.
Transient transfection of siRNA. MCF-7 cells were seeded on the six-well dishes (1×10 6 cells per well) and cultured at 37 o C overnight. 2.5 μg of EpCAM siRNA or control siRNA (namely siRNA-NC) was added to 125 μL Opti-MEM (without antibiotics and FBS), followed by sufficient mixing. Subsequently, 5 μL lipofectamine TM 3000 was mixed with another 125 μL Opti-MEM. Then the two solutions (each of 125 μL) were mixed thoroughly and incubated at r.t. for 10 min to prepare a 250 μL transfection mixture. After adding the mixture into cell-cultured dishes, the cells were incubated for 6 h and then transferred into 10% FBS-containing RPMI-1640 medium for an additional 42-h incubation at 37 o C.
Western blotting and imaging analysis of EpCAM. After transfecting MCF-7 cells with siRNA or siRNA-NC, the medium was discarded and the cells were gently washed three times with PBSM. Then the cells were lysed with a mixture of cold RIPA lysis buffer, protease inhibitors and phosphatase inhibitors. The lysates were collected by centrifugation (13,000 rpm) at 4 o C for 20 min and the supernatant was stored at -20 o C until use. After determination of protein concentration using BCA protein assay kit, Western blotting analysis of the supernatants was performed using anti-EpCAM antibody and anti-GAPDH antibody, respectively. The transfected MCF-7 cells were also subjected to incubation with F-P-Apt (1.0 μM) in PBS binding buffer at 4 o C for 30 min and imaged with CLSM.
Demonstration of the specificity of automaton III. 1) Demonstration of the protein specificity of automaton III by siRNA transfection: After transient transfection of siRNA or siRNA-NC, MCF-7 cells were digested, suspended in RPMI-1640 medium, seeded in four-well confocal dishes, and then cultured overnight. Subsequently, the cells were subjected to the procedures of incorporation of dual chemical modifications on MCF-7 cells, probe anchoring to cell surface, and finally execution of automaton III.
2) Demonstration of the protein specificity of automaton III by using Q-S'-S-F-AptM instead of Q-S'-S-F-DBCO. MCF-7 cells after HPG incorporation were treated with annealed P'•P-Apt (1.5/1.0 μM) at 4 o C for 30 min. The cells were then carefully washed three times with PBS washing buffer and treated with annealed Q-S'-S-F-AptM (1.0 μM) at 4 o C for 30 min. After washing with PBS washing buffer for three times, the cells were incubated with a mixture of CuSO 4 (100 μM), BTTAA (600 μM), annealed H'•H-N3 (15/10 μM), and freshly prepared sodium ascorbate solution (2.5 mM) at r.t. for 5 min. The cells were then washed three times with PBS washing buffer and fixed with 4% PAF at r.t. for 15 min. T (10 μM) and NE (600 U/mL) were then added and allowed to incubate at 37 o C for 2 h in 1×CutSmart buffer. Then the cells were washed and imaged with CLSM. In control experiments, T (10 μM) was not added.
3) Demonstration of the protein specificity of automaton III by using H'•H-AptM instead of H'•H-N3. MCF-7 cells after incorporation of C S were allowed to incubation with annealed P'•P-Apt (1.5/1.0 μM) at 4 o C for 30 min. The cells were then carefully washed three times with PBS washing buffer and treated with annealed Q-S'-S-F-DBCO (10 μM) at 4 o C for 30 min. After washing three times with PBS washing buffer, the cells were treated with annealed H'•H-AptM (1.5/1.0 μM) at 4 o C for 30 min, washed three times with PBS washing buffer, and fixed with 4% PAF at r.t. for 15 min. Then T (10 μM) and NE (600 U/mL) were added and allowed to incubate at 37 o C for 2 h in 1×CutSmart buffer. Then the cells were washed and imaged with CLSM. In control experiments, T (10 μM) was not added. 4) Demonstration of the dependence on HPG installation for executing automaton III by displacing HPG with Met: MCF-7 cells were subjected to procedures of incorporation of dual chemical modifications except using Met (50 μM) instead of HPG, probe anchoring to cell surface, and finally execution of automaton III. In the control sample, HPG was not displaced with Met. 5) Demonstration of the C S detection specificity of automaton III by NEU cleavage experiment: MCF-7 cells after incorporation of dual chemical modifications were subjected to treatment with NEU (0.2 U/mL) in 1× GlycoBuffer at 37 o C for 1 h. This was followed by the probe anchoring to cell surface, and then execution of automaton III procedures.
Quantification of azide Sia on EpCAM by IP fluorescence analysis. MCF-7 cells after incorporation of C S were subjected to treatment with different concentrations of NEU (0, 0.05, 0.1, 0.2 U/mL) in 1× GlycoBuffer at 37 o C for 1 h. After washing for three times, the cells were blocked and then treated with DBCO-Cy5 (10 μM) at 4 o C for 30 min to achieve the fluorescence labeling of Sia on the cell surface. After washing, the cells were digested, and suspended in RPMI-1640 medium for cell counting. Then the cells were lysed with a mixture of cold IP lysis buffer, protease inhibitors and phosphatase inhibitors. The lysates were centrifuged (13,000 rpm) at 4 o C for 20 min and the supernatants were stored at -20 o C until use. The protein concentration was determined using BCA protein assay kit. The supernatants were then subjected to incubation with anti-EpCAM antibody (1:40) at 4 °C overnight. Then 100 μL of protein G agarose resin slurry was added to each antigen-antibody complex and incubated at r.t. for 4 h under gentle mixing. Subsequently, the mixtures were centrifuged at 2,500 g for 3 min and washed three times with 0.5 mL of IP lysis buffer. Then the resins were mixed with 200 μL of 1% SDS-containing solution and heated at 95 o C for 5 min. The supernatants were collected by centrifugation at 2,500 g for 3 min and added into a black 96-well plate. Then the emission signals at 670 nm for Cy5 were collected by a spectral scanning multimode reader under 646 nm excitation.
CLSM imaging of azide Sia on HPG-incorporated EpCAM after treatment with different amounts of NEU. MCF-7 cells
after incorporation of dual chemical modifications were subjected to treatment with different concentrations of NEU (0, 0.05, 0.1, 0.2 U/mL) in 1× GlycoBuffer at 37 o C for 1 h. This was followed by the probe anchoring to cell surface, and then execution of automaton III procedures.
ELISA quantification of EpCAM after siRNA transfection. After transfection with different amounts of siRNA (0, 0.625, 1.25, 1.875, 2.5 μg), MCF-7 cells were digested, and suspended in RPMI-1640 medium for cell counting. Then the cells were lysed with a mixture of cold RIPA lysis buffer, protease inhibitors and phosphatase inhibitors. The lysates were collected by centrifugation (13,000 rpm) at 4 o C for 20 min and the supernatant was stored at -20 o C until use. Then 100 μL of each TROP1 standard and diluted supernatants were added into appropriate wells and incubated at 4°C overnight with gentle shaking. After washing four times with 1× Wash Buffer, 100 μL of 1× Biotinylated anti-Human TROP1 was added to each well. Then the solutions were incubated at r.t. for 1 h with gentle shaking and washed four times with 1× Wash Buffer. After adding 100 μL of 1× HRP-Streptavidin solution to each well, the solutions were incubated at r.t. for 45 min with gentle shaking and washed four times with 1× Wash Buffer. Then 100 μL of TMB One-Step Substrate Reagent was added to each well. The solutions were incubated at r.t. for 30 min in the dark with gentle shaking. Finally, 50 μL of Stop Solution was added to each well. The absorbance at 450 nm was collected by a spectral scanning multimode reader immediately.
CLSM imaging of dual-labeled EpCAM after transfection with different amounts of siRNA. After transfection with different amounts of siRNA (0, 0.625, 1.25, 1.875, 2.5 μg), MCF-7 cells were digested, suspended in RPMI-1640 medium, seeded in four-well confocal dishes, and then cultured overnight. Subsequently, the cells were subjected to the procedures of incorporation of dual chemical modifications on MCF-7 cells, probe anchoring to cell surface, and finally execution of automaton III.
In situ tracking Sia expression variation on CH-installed EpCAM in response to TM or BAG treatment. MCF-7 cells were subjected to procedure of incorporation of dual chemical modifications except adding TM (1.0 μM) or BAG (2.5 mM) in the culture medium. This was followed by the probe anchoring to cell surface, and then execution of automaton III procedures.
The effect of glycosylation inhibition on the expression level of EpCAM was examined by incubation of the above-mentioned drug-treated cells with F-P-Apt (1.0 μM) in PBS binding buffer at 4 o C for 30 min and imaged with CLSM.
The HPG installation level on MCF-7 cells after drug treatment was also monitored by incubation of the above-mentioned drugtreated cells with a mixture of CuSO 4 (100 μM), BTTAA (600 μM), H-F-N3 (10 μM), and freshly prepared sodium ascorbate solution (2.5 mM) in PBS binding buffer at r.t. for 5 min, and then imaged with CLSM.
Preparation of Q-S'-S-F-Ab for labeling of phosphotyrosine at Y1068 of EGFR. 2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl (4-nitrophenyl) carbonate (0.065 mmol) in DMSO (2 μL) was added into a mixture of anti-EGFR antibody (20 μL, which specifically binds phosphotyrosine at Y1068 of EGFR), PBSM (64 μL) and DMSO (16 μL). The reaction mixture was stirred at r.t. overnight and then ultrafiltrated using 50 kDa Millipore (10,000 rpm) to obtain the azide-modified anti-EGFR antibody conjugate. Then 12 μL of annealed Q-S'-S-F-DBCO (100 μM) was mixed with the anti-EGFR antibody conjugate at r.t. for 2 h. The antibody-DNA conjugate (Q-S'-S-F-Ab) was obtained after removing the unreacted DNA by ultrafiltration using 50 kDa Millipore (10,000 rpm) and stored in PBSM (100 μL).
Execution of automaton IV for in situ visualization of phosphorylated and HPG-labeled EGFR in HeLa cells. After HPG incorporation, HeLa cells underwent starvation overnight and then were treated with annealed P'•P-AptE (1.5/1.0 μM) at 4 o C for 30 min. The cells were then carefully washed three times, followed by incubation with a mixture of CuSO 4 (100 μM), BTTAA (600 μM), annealed H'•H-N3 (15/10 μM), and freshly prepared sodium ascorbate solution (2.5 mM) at r.t. for 5 min. After three-time washing, the cells were incubated with EGF (100 ng/mL) at 37 o C for 15 min to stimulate the cells. Then the cells were washed three times and fixed with 4% PAF at r.t. for 10 min. After three-time washing, the cells were incubated with PBS containing 5 mM MgCl 2 and 0.1% Triton X-100 at r.t. for 10 min. Then the cells were blocked with PBS blocking buffer at 37 o C for 30 min to prevent the unspecific antibody binding. After washing for three times, the cells were incubated with Q-S'-S-F-Ab (5 ng/mL) in 1% BSA in PBST (PBS containing 5 mM MgCl 2 and 1 mg/mL Tween® 20) at r.t. for 1 h. After washing, T (10 μM) and NE (600 U/mL) were added and allowed to incubate at 37 o C for 2 h in 1×CutSmart buffer. Then the cells were washed and imaged with CLSM. In control experiments, either T (10 μM) was not added or cells were treated with Ab (2 ng/mL) in1% BSA in PBST at r.t. for 1 h before Q-S'-S-F-Ab incubation.
Statistical analysis. All data were representative results from at least three independent experiments and mean ± s.d. was shown. Statistical analysis was performed using the Student's t-test. ***p < 0.001 was considered statistically significant. 
Results and discussion

P-Apt CGCTGAGGAATAAATGGAGAATGAGTTGCACTACAGAGGTTGCGTCTGTCCCACGTTGTCATGGGGGGTTGGCCTG
S'-S ACCACGGTAGTCAGTGTATTCCTCAGCGTGGTTTTTTT
H-F ATAAATGGAGTGACGAACGAACGACTAT-FAM-TTTTTT
H-N3
ATAAATGGAGTGACGAACGAACGACTATTTTTTT-N3
H-F-N3
ATAAATGGAGTGACGAACGAACGACTAT-FAM-TTTTTT-N3
Q-H'
ATCCTTTCACTT-DABCYL-ATAGTCGTTCGTTCGTCA
F-P-Apt
CGCT-FAM-GAGGAATAAATGGAGAATGAGTTGCACTACAGAGGTTGCGTCTGTCCCACGTTGTCATGGGGGGTTGGCCTG 
F-P-Ran
As expected, the incubation of T and H'•H led to the disappearance of band for H'•H and the appearance of bands for T•H'
and H, demonstrating that T can indeed displace and thus release H (Fig. S1A, left) . For the pair of H and P'•P-Apt, similar results could be obtained (Fig. S1B, left) . For fluorescence verification of the two processes, the two strands in the duplex were labeled with a quencher (Q, DABCYL in this work) and a fluorophore (F, FAM in this work) respectively. The addition of T (or H) to Q-H'•H-F (or P'-Q•F-P-Apt) led to the separation of Q and F, and a 10-fold (for T and Q-H'•H-F) and 9-fold (for H and P'-Q•F-P-Apt) enhancement of fluorescence intensity (FI) at 518 nm could be observed (Fig. S1, right) . The reactions between P-Apt and S'-S in 1×CutSmart buffer at 37 o C were investigated by native PAGE (Fig. S2, left) . In lanes 3 and 4, the bands for P-Apt and S'-S showed indiscernible change regardless of incubating directly or after thermally annealing, compared with the bands for single P-Apt (lane 1) or S'-S (lane 2) with the same loading amount. These results indicated that there was little hybridization between P-Apt and S'-S. Whereas, upon addition of NE, the mixture of P-Apt and S'-S generated a new band at low molecular weight region corresponding to cleaved fragments, and a largely unchanged P-Apt band with complete disappearance of the S'-S band (lane 5). This observation suggested that NE can drive the hybridization equilibrium between P-Apt and S'-S by cleaving S'-S, finally rendering the depletion of S'-S. The NE-assisted cleavage of S'-S was still efficient when the concentration of P-Apt was decreased to one-tenth of S'-S (lane 6), confirming the recycling usage of P-Apt for cleavage of S'-S assisted by NE.
The nicking cleavage-facilitated hybridization between P-Apt and S'-S was also investigated by fluorescence measurement using the pair of P-Apt and Q-S'-S-F. As illustrated in (Fig. S2 right) , the 1:1 incubation of P-Apt and Q-S'-S-F in the absence of NE generated a fluorescence signal that was 26% of that when complete cleavage of Q-S'-S-F was achieved by addition of NE. This result was different from that obtained by PAGE. We speculated that there might be a weak interaction or transient binding between P-Apt and Q-S'-S-F, leading to a partial opening of the hairpin and separation of Q and F to some extent, which could only yield a weak FI recovery but are not sufficient to generate a new hybridized band in PAGE experiment (Fig. S2 , left, and further demonstrated in Fig. S3 ). Even though, this possibility would not impair our system, because during the cell anchoring step, P-Apt was masked by P'.
The recycling capability of P-Apt in NE-assisted hybridization process was also evaluated by incubation of P-Apt and Q-S'-S-F with 0.1:1 ratio (Fig. S2, right) . A 13-fold enhancement of FI was obtained upon NE addition, demonstrating the efficiency of using cyclic nicking cleavage reaction for propagating signal to multiple downstream partners. To further study the hybridization and nicking cleavage processes, FAM is conjugated to either P-Apt (as F-P-Apt) or S'-S (as S'-S-F) for tracking the behavior of each individual strand. Without NE addition, the incubation of pair F-P-Apt and S'-S, and pair P-Apt and S'-S-F showed no new bands (lanes 2, 5), demonstrating P-Apt and S'-S could not effectively hybridize. While upon NE addition, the complete retention of F-P-Apt and full cleavage of S'-S-F (lanes 3, 6) , verified the hybridization-cleavagedehybridization catalysis process. P'•F-P-Apt and F-P-Apt (F was conjugated near 5' end of P to illustrate probe binding) displayed similar binding signals on the EpCAM-positive cell line, MCF-7, 1 rather than on the negative cell line, HeLa, whereas when displacing Apt of F-P-Apt with a random sequence, i.e. using F-P-Ran, indiscernible binding could be observed (Fig. S6) , thus demonstrating the specific recognition of F-P-Apt toward EpCAM, which was still maintained after duplex formation by masking F-P-Apt with P'. The installed C S on cell surface could be visualized by S'-S-F-DBCO via the copper-free click reaction in PBS binding buffer (Fig.  S7 ). 2 While without Ac 4 ManNAz incubation or DBCO conjugation, negligible fluorescence could be obtained, thus demonstrating the specificity of S'-S-F-DBCO for tagging C S . The Ac 4 ManNAz incorporation is time-dependent as evidenced by increased global fluorescence intensity (referred to as global FI) with longer incubation time of Ac 4 ManNAz (Fig. S8) , and a 48-h incubation time was chosen for the following experiments. (Fig. S9 ). From the plot of global FI vs. HPG incubation time, 48 h was chosen for HPG incubation (Fig. S10) , which was the same as that for Ac 4 ManNAz incubation. 
